Background. In recent years, pulmonary artery blood flow acceleration time (AT) has been believed to be applicable in the examination of fetal lung development.
Introduction
In recent years, Schenone et al. have introduced the determination of pulmonary artery blood flow acceleration time (AT) into the research on the development of fetal pulmonary tissues for the first time. 1 Acceleration time is believed to be applicable to the examination of fetal lung development. Kim et al. have managed to examine neonatal respiratory distress syndrome. 2 Previous studies have reported an association of AT and AT/ejection time (ET) ratio with the Doppler flow curve of the fetal pulmonary artery. [3] [4] [5] Till now, no report has been published on the association between AT and pulmonary artery pressure. The present study is an investigation on using AT and AT/ET ratio as new parameters for monitoring fetal pulmonary artery pressure, based on the study of the AT of fetuses in mid-or late-term pregnancy with simple high pulmonary pressure.
Material and methods

Patients
Information and ultrasonic cardiograms from the regular fetal ultrasonic cardiogram examinations of over 26,000 pregnant women, carried out between June 2011 and December 2013, were collected from the Ultrasonography Department of Provincial Hospital, the Maternal and Child Health Center of Jinan, the Ultrasonography Department of the Fourth People's Hospital of Jinan, and Maternity and Child Healthcare Hospital of Shizhong District, Jining (China) ( Table 1) .
Trial grouping
Study group consisted of 31 subjects and included 8 mid--term pregnant women aged 28 ±4 years (gestational age: 26 ±1 weeks) and 23 late-term pregnant women aged 28 ±4 years (gestational age: 33 ±5 weeks). The inclusion criteria were: 1. enlarged right atrium or ventricle; 2. medium or severe tricuspid regurgitation; 3. tricuspid regurgitation pressure difference <20 mm Hg; and 4. no tricuspid regurgitation induced by vascular deformity in congenital heart disease.
The control group consisted of 68 subjects, including 33 mid-term pregnant women aged 27 ±5 years (gestational age: 26 ±1 weeks) and 35 late-term pregnant women aged 29 ±6 years (gestational age: 33 ±5 weeks). None of the pregnant women habitually used tobacco or alcohol, and none of them had a history of chronic diseases, including pulmonary tuberculosis or rheumatic heart diseases. Their fetuses were normal according to physical examination; fetal deformity screening was strictly conducted to exclude heart deformity. The inclusion criteria were: 1. normal cardiac cavity sizes; 2. no tricuspid regurgitation; and 3. no vascular malformation caused by congenital heart diseases.
Methods of ultrasonographic examination
"Fetal heart" mode was selected. The standard sections of fetal ultrasonic cardiograms recommended by the American Society of Echocardiography were employed, and a regular fetal examination was conducted by a cranial side-deviated 4-chamber view. 6 The pregnant women assumed a supine or lateral position. At first, the position of the fetal heart was detected, then the angles of examination and other parameters (depth, gain, focus, etc.) were optimized based on the conditions of the mother and the baby in order to obtain a standard and clear long-axis view of the pulmonary artery. 7 The pulsed-waved Doppler (PW) sampling spot was set at 3 mm over the pulmonary valve. A recording rate of 100 cm/s was selected for better accuracy and blood spectrum performance. Acceleration time (Fig. 1A ) and ET were recorded, and AT/ET ratio was calculated. Acceleration time is the time interval from the start of blood flow spectrum of the right ventricle contraction phase to the time-point of max contraction velocity. Ejection time is the time interval from the start of right ventricular contraction to the end of right ventricular contraction. In a standard 4-chamber view, the max velocity of tricuspid regurgitation and the pressure difference were determined by continuous-wave Doppler (CW) (Fig. 1B) . All data was presented as the average value of 3 measurements. The angle between the directions of blood flow and the acoustic beam was kept within 20° to assure the accuracy of blood flow velocity and the pressure difference.
Calculation of pulmonary artery systolic pressure
Pulmonary artery systolic pressure (PASP) is the right ventricular pressure (Fig. 1A ) + the tricuspid regurgitation The severity of tricuspid regurgitation was graded as follows: none (grade 0), no regurgitant jet; mild (grade 1+), a jet area <20% in the right atrial area; moderate (grade 2+), a jet area of 20-33% in the right atrial area; and severe (grade 3+), a jet area >33% in the right atrial area.
Statistical analysis
SPSS v. 17.0 (SPSS Inc., Chicago, USA) was employed in the statistical analysis; all values were presented as mean ± standard deviation (SD). Student's t-test was used in intergroup comparison. Multiple factors of the observation group were analyzed with bivariate correlation. Pearson's correlation coefficient was verified by t-statistics. A p-value <0.05 was considered statistically significant.
Results
The average AT of the study group was 47.6 ±5.0 ms, whereas the average AT of the control group was 54.3 ±9.8 ms, and the difference was very significant (p < 0.0001).
The average AT/ET ratio of the study group was 0.24 ±0.02, the average AT/ET ratio of the control group was 0.27 ±0.04 and the difference was statistically significant (p < 0.01) ( Table 2 ).
The results indicated that AT negatively correlated with PASP (r = -0.52; p < 0.01) (Fig. 2) ; AT/ET ratio negatively correlated with PASP (r = -0.52; p < 0.01) (Fig. 3) .
The results indicated that the AT values of the fetuses with increased pulmonary artery pressure were significantly lower than those of normal fetuses. Meanwhile, AT decreased as pulmonary artery pressure increased.
Discussion
In 1987, the negative relationship between pulmonary artery pressure and pulmonary artery blood flow AT was discovered in the correlative analysis on the pulmonary artery blood flow AT of adults and the average pulmonary artery pressure determined by cardiac catheter, conducted by Dabestani et al., where an increase in pulmonary artery pressure resulted in shortened pulmonary artery blood flow AT. 6 Average pulmonary artery pressure was 0.79 -(0.45 × AT) mm Hg, based on the reported data. 7 As reported by Chaoui et al., pulmonary hypertension in adults can lead to increased pulmonary vascular resistance, showing an abnormal blood flow spectrum similar to the aorta; in their study, AT was shortened and the peak appeared earlier, and the extent of increase correlated to the severity of pulmonary hypertension. 8 Kitabatake et al. revealed that when average pulmonary artery pressure was <20 mm Hg in an adult, AT was 137 ±24 ms, and when average pulmonary artery A -blood flow spectrum of the fetus (AT was from the start to the peak); B -determination of the max velocity of tricuspid regurgitation and the pressure difference; AT -acceleration time pressure was >20 mm Hg, AT was 97 ±20 ms. 9 Nevertheless, the accuracy of pulmonary artery pressure determination can be affected by the operator's expertise, the selection of sections, and the angle between the sonic beam and blood flow. Granstam et al. have elucidated the clinical significance of the determination of blood AT in the systolic phase at the pulmonary valve in the classification of pulmonary hypertension. 10 Acceleration times of 70-90 ms, 50-70 ms and <50 ms corresponded to mild, medium and severe pulmonary hypertension, respectively. Kim et al. prognosed neonatal respiratory distress syndrome using pulmonary artery AT and AT/ET ratio as parameters, and their research proved that AT was a prospectively useful index in the prognosis of neonatal respiratory distress syndrome, but no correlative study was included on pulmonary artery pressure. 2 Pavankumar et al. reported the significance of mid-to late-term functional pulmonary hypertension; they revealed that a pressure difference in severe tricuspid regurgitation in fetuses >70 mm Hg indicated that PASP of the fetus can be >70 mm Hg, in which case right ventricular failure may occur, leaving the fetus with a potentially fatal outcome if elective premature delivery is not conducted. 11 All the abovementioned reports have shown that studies on pulmonary artery pressure from different points of view are drawing more and more attention in clinical practice.
As discovered through years of clinical practice, tricuspid regurgitation is very common among fetuses in mid-or late-term pregnancy; mostly this is physiological regurgitation, and the incidence is approx. 6.0%. 12, 13 Pathological or high-speed regurgitation accounts for about 0.12%. The possible explanations for this condition are likely to be the increased resistance along with the growth of the fetus and the compressed vascular cavity, strengthened by the contractility of the artery or resistance in pulmonary arteries. Increased pulmonary artery pressure can lead to increased systolic pressure of the right ventricle, and eventually to tricuspid regurgitation. The higher pulmonary artery pressure, the greater regurgitation volume. Severe pulmonary hypertension and tricuspid regurgitation can result in right ventricular failure manifested by an increased ventricular rate, a significantly enlarged right heart, or signs such as pericardium, peritoneal or pleural effusion. Therefore, it is critical to monitor the pulmonary artery pressure in the etiological analysis of right heart enlargement and tricuspid regurgitation in fetuses. In the fetal period, the only determination method for pulmonary artery pressure is non-invasive Doppler ultrasonography. 14 Currently, the commonly used method is to calculate the right ventricular systolic pressure by adding the right ventricular pressure to the measured value of tricuspid regurgitation pressure difference; the right ventricular systolic pressure is equal to PASP when no pulmonary stenosis is present. By the same method, pulmonary artery diastolic pressure (PADP) can be calculated from the pulmonary valve regurgitation.
However, in some cases, tricuspid or pulmonary valve regurgitation was too mild to be detected, or difficult to detect due to the position of the fetus. 15 Determination of the ratio of pulmonary artery blood flow AT and ET is a novel approach for monitoring pulmonary artery pressure. The results of this study indicated that AT was negatively correlated with PASP, and that increased PASP could lead to a decrease in AT. Thus, AT can be used as a more accessible parameter in measuring pulmonary artery pressure. Especially when pulmonary artery pressure increases, and no tricuspid or pulmonary valve regurgitation is detected, AT and AT/ET ratio are more convincing in signifying pulmonary artery pressure.
Acceleration time and AT/ET ratio are semi-quantitative parameters in pulmonary artery pressure determination AT:ET PASP AT PASP that can be used in the approximate evaluation of pulmonary hypertension; whether "average pulmonary artery pressure = 0.79 -(0.45 × AT) mm Hg" -a rule for calculating adult pulmonary pressure -is applicable in the quantitative determination of fetal pulmonary artery pressure, still needs more clinical evidence and more specific research. 16 Although this study produced some interesting findings, there were also a few limitations. Firstly, the foramina ovale (FO), which has a significant influence on the diameters of right ventricle and right atrium, will finally result in changes in PASP. Therefore, the FO is important for evaluating cardiac function, which should be investigated in further studies. Secondly, the numbers of patients involved in the study group and the control group were relatively small, though over 26,000 pregnant women were examined through regular ultrasound in this study. In future studies, we would involve a larger number of patients.
In conclusion, for fetuses of mid-or late-term pregnancy, AT and AT/ET ratio are closely related to PASP, especially for those showing no signs of tricuspid regurgitation; thus, AT and AT/ET ratio can be used as qualitative and semi--quantitative parameters in the determination of fetal pulmonary artery pressure, based on which a new method for pulmonary artery pressure determination has been proposed for clinical diagnosis.
